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Answer the foll<twins. questioni (oll questions corrv the some weiqht l0 points\
Question #1

A particle of mass

in the state

m, which moves freely inside the region -a 1x 1a, is initially

1 (zx) 2 (r*\
W(x,tJ): --.- cosl -j- | + 

- 
sinl 

- 
|Jso \2o) Js, [, )

a) Irind yt(x,t) at any later time t.
b) Ifltut is the expectation value of the total energy (f) for this system?.

Question #2

Consider the wave function V(x ,t) =A e-zlxl n-i att

Wlrcre A, A, and c0 are positive real constants.
(a) [Yorntaliz.e ry

(b) Determine the expectation values of x and x2.
(c) Find the standard deviation of x. Sketch the graph nf lvl',as a function of x.

Ouestion #3
I]rom separation of variables applied to the time-independent Schrodinger equation,
we have:

t d2 ( 2qtv)) - 4!/ rr)-ril -r((+r)1t(r) *l'" d, )- h, Lt t')-r:1-1
for integer .(. . Transform to the new function 

" 
(r) = r Il (r ), and sltow that

the above can be written as:

**P + l' t') . * -P1u(r) - 1; u(r)

()ucstion #,f

work out the radial wave functions 4o (") and normalize it.

Ouestion #5

Show thut for Hydrogen-like atom < r >-?9, b, 1y
2Z

!;- for the ground state.
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INSTRUCTIONS TO STUDENTS

1. 'l-his assessrrent paper contains SIX (6) questions and comprises I\INE (9) prinled pages.

2. Students are required to answer FM ($ questions only.

3. Students should write the answer for eacli question on a new page.

4. This is a CLOSED BOOK assessment.

5. A table of physical constants is at the er-rd of the assessment paper in annex A.

6. Permitted materials: electronic calculators.
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Qucstion One (10 h4arhs fotal)

1a) Brieiii, discuss the temperature dependence of semiconductor conductivity?

(6 Marks)

(h) Defirre:

(ilDiffLrsion length.

(i i) t-ifetirne o1- r-n inoritl, carriers.

(ii)Ire rmi encrg).

(iv)Schottl<y barrier height.

('l l\{arks)
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Question TN'o (10 h{arks Total)

(a) An n-t,vpe silicon has been doped uniformly with 1016 antirnony (Sb) atot.tts.ctt.r-'.

Calculate the position of the fermi energy rvith respect to the ferrni energv level in

intrinsic Si. This n-type Si sample is further doped rvit-h 2 x 10r7 boron alorns.cnt t.

CalcLrlate the position of the fermi energy with respect to the lermi energr, lcvcl in

intrinsic Si. Assurning 1':300 K, and ni: i x 1010 ctn-3. (6 Marks)

(b) ln sliort paragraph with sketcli, shorv how you can engineer the fermi energ), level of

semiconductor? (4 Marks)
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Qucstion 'fhree (10 I\{arks Total)

(a) What is a degenerate semicor-rductor?

(3 ,Vlarks)

(b) Drau'the band structirre of a degenerate serlicondLrctor?

(3 h'Iarks)

(c) Using the band diagram shou, hou,\\re can use the ohnric conlact principle in cooling

s\ stctl'l

(4 N'Iarks)
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Question Four (10 Marks Total)

(a) What is the Schottky diode? Draw the band structure of Schottky diode at equilibriurn?

' (3 Marks)

(b) Consider a n-type Si sample doped with 1016 donors.cm-3 at 300K.

(i) Given the effective mass of the electrons are approximately i.08n-re. rvhat is the

effective density of states at conduction band edge? (2 Marks)

(ii) The electron affinity (X) of this Si is 4.01 eV and the work function, (D, of lbur

potential metals for the two ends contacts are listed in tabie I below. ldeally which

metal will result in a Schottky contact and which metals will result in an ohtnic

contact? Justify your answer.

(5 Marks)

Table I Work Function in (eV)

Cs Li AI Au

1.8 2.5 4.25 5.0

5|i:;.11i



Question Five (10 Marks Total)

(a) With sketch, rvhat is the direct and indirect Bandgap Semiconductors?

(3 N{arks)

(b) An abrupt Si p=n junction diode has a cross sectional area of I mm2. an acceptor

concentration of 5 x 1018 boron atoms.crn-3 on thep-side 6nd a donor concentration of

10r6 arsenic atorns.cm-3 on the ru-side. The lifetime of holes in tire ru-region is 417 ns,

rvhereas that of electrons in the p-region is 5 ns due to a greater concentration o1-

irrpurities (recourbination centers) on that side. Mean thenlal generation lifetime is

about 1 pLs. The lengths of thep-and ir-regions are 5 and 100 microns respectively. (e '

1 1.9, ni : 1 x 10lo cm-3)'

(i) Calculate the minorily diffusion length and determine rryhat type of diode this is.

(ii) What is the built-in potential across the junction?

(iii) What is the current when there is a forward bias of 0.6 V across the diode at 27

oC? Assume that the current is by rninority carrier diffusion

(iv) What is the reverse current when the diode is reverse-biased by a voltage V, = 5

V?

(7 Marks)
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Question Six (10 Marks Total)

(a) With colnrncnt. Draw the band diagram for apru junction under open circuit" lbru'ard

bias, reverse bias, and thermal generation conditions

. (6 Marks)

(b) With sketch, what is the direct and indirect recombination?

(4 lVtrarks)

ll'ith n4' Ilest wishes

Dr Abdelnub): M lllsltultuw.l,
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